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I. INTRODUCTION 
Detailed nuclear data for reactor physics calculations are available in 
the form of evaluated l ibraries which are updated at intervals. The three 
main libraries, all of which are stored on magnetic tape in a form suitable 
for computer processing, are the ENDF/B \ the KEDAK ' and the UKNDL 
3 and ) .pj^
 p r e s e n t røjrk i S based on the UKNDL. By means of the pro-
cess ing program SIGMA the detailed data from the library are transformed 
into group cross sections. This, however, i s a time-consuming calculation, 
and it was therefore decided to produce the group cross sections for relevant 
materials in a proper group structure once and store them on a magnetic 
tape which would then be the normal starting point for neutronics calcula-
tions. The SIGMA MASTER TAPE i s the outcome of this procedure. 
2. THE UKAEA NUCLEAR DATA LIBRARY 
To produce the SIGMA MASTER TAPE the UKAEA Nuclear Data Li-
brary, version 1 968, was used. The materials available in this version 
are listed in ref. 3 . An updated library has been released in 1970. but as 
most of the modifications and additions are of minor importance for our 
use . it was not considered worthwhile to change to the new version. The 
contents of the 1 970 version are l isted in ref. 5. 
2 . 1 . Contents of the UKNDL 
The UKNDL comprises data for most of the materials normally needed 
for reactor physics calculations. The library is subdivided into five files 
the contents of which can be outlined as follows: 
F i le 1: U 2 3 5 f U 2 3 3 , P u 2 3 9 , U 2 3 8 + the main moderating materials 
F i le 2: The remaining heavy nuclides + the main structural materials 
+ the poison materials B, Cd, and Xe 
Fi le 3: Some more rarely used materials , for instance materials of 
interest in experiments 
Fi le 4: Photon cross section data file 
Fi le 5: Capture c r o s s sections for 78 fission products. 
A data set in the library is identified by i ts "data file number", DFN. 
The DFN belongs to a substance (nuclide, natural element, molecule, or 
- 6 . 
mixture), and different data sets for the same substance are given different 
DPITs. 
2. 2. Data Representation in the UKNDL 
For each substance the library may contain data for a number of reac-
tions. Every reaction is identified by the reaction type number, RTN, which 
is subdivided into a "General classification number", GCN. and a "Particu-
lar classification number", PCN. The general classification numbers of 
interest here are the following: 
Neutron cross section 
Angular distribution of secondary neutrons 
Energy distribution of secondary neutrons 
v - mean number of secondary neutrons per fission 
Thermal neutron scattering law data. 
The PCN1 s used in the present library are given in table 2. The reac-
tion type number of a given reaction is formed by combining the GCN and 
the PCN as follows: 
RTN = lOOOx GCN+ PCN 
Example: Angular distribution of neutrons from a (n, 2n) reaction has 
RTN 2016. 
Data with GCN's 1 or 4 (cross sections, v) are tabulated pointwise as 
a function of energy, the tables consisting of pairs of corresponding values 
of energy (MeV) and cross sections (barns) or v. The energy points are 
spaced closely enough to ensure that interpolation in a log-log scale will 
give sufficient accuracy for all energies. 
GCN 2 (angular distributions) are given as linear combinations of the 
probabilities of scattering as a function of cos8, where 6 is the scattering 
angle in either the centre of mass or the laboratory system. Linear inter-
polation is used between the cos 9-values. Angular distributions may be 
specified for either energy points or energy ranges. If pointwise represen-
tation is used, the distributions for energies in between the points are ob-
tained by linear interpolation. 
Energy distributions of secondary neutrons, GCN 3, are specified in 
the form of energy laws. The laws most often used are: 
- 7 -
Table 2 
List of PCN*s used in the UKNDL, version 1968 
1 
2 
3 
4 
5-14 
15 
16 
17 
18 
22 
23 
24 
25 
26 
31-50 
101 
102 
103 
104 
105 
106 
107 
108 
Total 
Elastic 
Non-elastic - total minus elastic 
(n,n') « total inelastic scattering summed over all 
final states 
(n,n") to different levels 
(n,n') to continuum 
<n.2n) 
(n.3n) 
fission 
<n.n') a 
(n,n') 3a 
(n, 2n) a 
(n, 3n) a 
(n,2n) isomeric state 
(n, n') to different levels 
total parasitic absorption (no secondary neutrons) 
(n.Y) 
(n.P) 
(n.d) 
<n.t) 
(n.He3) 
(n.a) 
(n.2«) 
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(1) neutrons emitted with energy k(EQ-E.), where k is a constant, EQ the 
initial energy, and E . a constant energy (corresponding to inelastic 
scattering to a discrete level), 
(2) pointwise tabulated spectrum of secondary neutron energies p(E) = f(E) 
independent of initial neutron energy (used for instance for fission 
spectra), 
(3) or dependent on initial energy EQ according to the formula p f — J -
f(E , — ) , where q maybe 0, », or 1. o 
\ o ipO./ 
In the case of tabulated probability distributions linear interpolation is 
used between the points. 
Thermal scattering, GCN 7, is in the present version of the UKNDL 
only available for one material, C, and is therefore not included in the 
processing code SIGMA. 
Tue data formats are described in more detail in ref. 4. 
2.3. Use of Library Tapes on the B6700 
At the Borroughs B6700 installation of Risø the following UKNDL files 
with corresponding file names are available: 
File 1: AEK 105 
File 2: AEK 122 
File 3: AEK 121 
File S: AEK 120 
The data are filed in EBCDIC card images on 9-track tapes, 800 BPI. 
The files are written with the file attributes KIND « 14, MAXRECSIZE= 14, 
BLOCKSIZE • 280. A list of the materials and processes on the four files 
is given in Appendix III. 
3. THE SIGMA PROCESSING PROGRAM 
The processing program SIGMA generates spectrum-averaged multi-
group cross sections and transfer matrices from the pointwise tabulated 
data on the UKNDL. SIGMA is written in ILLINOIS-ALGOL for the IBM7094 
machine, but has recently been transferred to the Borroughs B8700. The 
program is as yet only described in a preliminary internal report6', but is 
very similar to the UK program GALAXY7'. The function of SIGMA will be 
briefly described in the following. 
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3.1. Input Needed for a SIGMA Calculation 
SIGMA uses as input the UKNDL file containing data for the materials 
to be processed. The user specifies the materials and the PCN's for each 
material and also provides the energy group structure to be used. The 
spectrum or weighting function over which the cross sections are to be 
averaged must be given as input, and it may be one of or a linear combina-
tion of four standard weighting functions: 
(1) F(E) • £* x where x is a constant. If X - 1, this weighting function 
corresponds to the 1 /E-flux. 
(2) F(E) = — i - - E • exp(-E/kT). This is the Maxwell spectrum, the 
(kT)Z 
value of kT must be specified. 
(3) F(E) = - m- . The value of kT must be specified. 
E[l+(4.95-kT/E)'] 
This function is the Westcott delta 2 function, and it may be used to 
create a smooth joining between the Maxwell and the 1 /E-spectrum. 
(4) A tabulated weighting function, given as a number of energy points 
and corresponding spectrum values. Between the points the program 
performs log-log interpolation. 
3.2. Quantities Computed by the Program 
For all reactions (PCN's) the program computes the group average 
cross section in each group: 
/ • 
•(E) F(E) dE 
g 
/ F(E) dE 
For all reactions resulting in the formation of secondary neutrons the 
Legendre moments of the group-to-group transfer matrix will be calculated: 
0g,g-— \ J dE' J o(E)F(E)dE J PL (n) r(E,E',M)d« 
J F(E) dE g' g -1 
- t i -
A is the atomic weight. 
This cross section is given PCN 205. It is not to be confused with the 
transport cross section, PCN 201, described in chapter 4. 
Apart from the group cross sections the program calculates a number 
of material-independent quantities, i. e. quantities only dependent on the 
group structure and weighting spectrum used. These quantities are: 
Group widths in energy 
Group widths in lethargy 
Group fluxes or normalizing factors, I F(E)dE 
/ lF(E)dE 
Mean reciprocal velocities, -& 
J F(E)dE 
/ ' 
Mean energies. 
E F(E)dE 
JF(E)dE 
Energy corresponding to the mean lethargy, exp 
f InEF(E)dE 
(L, ) 
J F(E)dE 
Proportion of the standard fission spectrum falling within the groups. 
0.4527 f exp( 2 — ) BinhVfe. 29 E dE 
J \ 0.965 / 
An outprint of the material-independent quantities (except the energy 
widths) calculated by SIGMA is shown in Appendix I. 
SIGMA cannot handle all sorts of tabulated information which may be 
given in the UK-format. Thermal scattering, GCN 7, is not programmed 
into SIGMA, so when upscattering is important, the data must be supplied 
from other sources. In the UK-format options exist for tabulating of re-
solved and unresolved resonance parameters, but in the present version no 
- t 2 -
tables of this kind are found, and SIGMA cannot process them. GCN 3, 
energy distributions of secondary neutrons, may be given with a number of 
energy laws specified; two of them, laws 7 and 10, are not included in 
SIGMA. Law 7 (ref. 4) is not found in the 1968 version of the UKNDL, law 
10 (ref. 3), however, is used once in DFN 328, tantalum. 
4. STANDARD COMBINATION 
For each material the UKNDL contains data for a number of reactions, 
characterized by the PON's mentioned in section 2.2. A SIGMA run for a 
given material therefore produces cross sections and the required number 
of scattering matrices for, in some cases, a very great number of reactions. 
This is not desirable for practical use as neuironics codes normally do not 
distinguish between, for instance, elastic scattering and inelastic scattering 
to different levels. The Legendre expansion of scattering matrices will 
only be utilized in special programs as transport codes used for reference 
calculations, and most of the everyday codes can only account for scattering 
anisotropy by a transport correction to the cross sections. So it was de-
cided to edit the group cross sections on the SIGMA MASTER TAPE in a 
standard combination which is supposed to be convenient for most of the 
applications. 
The standard combination gives for each material the following com-
bined cross sections with corresponding PCN's: 
PCN 502, scattering cross section 
+ transport-corrected scattering matrix 
PCN 101, capture cross section 
PCN 518, fission cross section 
+ fission matrix 
PCN 201, transport cross section. 
The scattering cross section, PCN 502, is the sum of the cross sections 
for all scattering reactions, i.-e. PCN 2, PCN 4 or PCN's 5-15 and PCN's 
31 -50. The processes (n, n') o and (n, n«) 3o, PCN's 22 and 23, will, if they 
are met for a material, be added to the scattering cross section. The scat-
tering matrix is transport-corrected, whereas the cross section is the total 
scattering cross section without any correction. The reason for this is that 
it allows the user of the data to calculate the magnitude of the employed 
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transport correction by subtracting the sum of the matrix columns from the 
group cross sections. 
The capture cross section, PCN 101, is, if a total parasitic absorption 
cross section is given for a material, merely the group-averaged cross 
section for this process, PCN 101. Otherwise it is calculated as the sum 
of the cross sections for all processes which do not produce secondary neu-
trons, i. e. PCN's 102-108. 
PCN 518, the fission cross section, comprises in addition to PCN 18, 
fission, all the processes that produce two or more neutrons, PCN's 16, 17, 
and 24-26. These neutron-multiplicating processes might have been re-
garded as a sort of inelastic scattering and added to the scattering cross 
section, but this would in some codes cause difficulties in conserving neu-
tron balance. Their inclusion in the fission cross section has made it neces-
sary to keep the full transfer matrix instead of representing the production 
of neutrons in the usual way by a fission spectrum and a mean v i , for each 
group because their secondary neutrons do not emerge with a spectrum 
independent of the energy of the primary neutron. The full matrix allows 
representation of an energy-dependent fission spectrum as well, but this 
has not been of interest with the present version of the UKNDL. 
For use in the great number of neutronics codes which only accept a 
multiplication cross section v«j and a fission spectrum x it is very easy 
to split the fission matrix into these two commonly used quantities, ve , in 
all groups is first obtained by summing the columns of the fission matrix: 
~°f= Z F M i i 
j=l 
where v»i is the cross section in group i, G is the number of groups, and 
FM' is the transfer cross section from group i to group j . After that an 
average fission spectrum is calculated by taking the mean value of the scat-
tering into each group from all other groups. The fraction of the fission 
spectrum falling in group i will then be: 
X1 • ! ^ F N T ^ ' j 
i 
In the usual case, where the main contribution to the fission matrix 
comes from a real fission process, this will be a good approximation. 
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The transport cross section, PCN 201, is the total cross section minus 
the transport correction. The total cross section in each group is found by 
adding the cross sections for PCN's 502, 101, and 518, and the transport 
cross section is therefor« directly flux-weighted like the other cross sec-
tions and not inversely averaged as the transport cross section assigned 
PCN 205. 
The transport correction applied is the usual correction suggested by 
Honeck (ref. 8). For the elastic scattering transfer matrix it is : 
tr o ij L 1 
i»1 
where J^ is the zeroth and «JJ is the first Legendre moment of the transfer 
matrix. This correction leaves the off-diagonal elements and thus the en-
ergy transfer characteristics unaltered. The transport cross section in 
group j is obtained from the total cross section correspondingly: 
i=l 
To the inelastic part of the scattering no correction for anisotropy is 
made, because the transport correction of Honeck over-corrects the cross 
sections when neutrons are scattered from high-energy groups directly into 
groups of low energy. This is discussed in ref. 9. 
5. GROUP STRUCTURE 
It was the intention that the SIGMA MASTER TAPE should be adequate 
for use on a wide range of reactor types. This means that the energy 
groups applied must be sufficiently narrow to ensure that the group cross 
sections will be reasonably independent of the weighting spectrum used in 
SIGMA. On the other hand the number of energy groups is limited by prac-
tical considerations, as it ought to be possible to perform a spectrum cal-
culation for at least a 3-region cell in the MASTER TAPE group structure. 
At Risø the previous multi-group library has been that of LASER with 
its 85-group structure as described in ref. 10. About 85 groups was thought 
to be a realistic maximum considering the size of available computers. For 
the sake of continuity the LASER 85-group structure was chosen as the 
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starting point, and after the introduction of some modifications the result 
was a structure with 76 groups. These 76 energy groups are shown in Ap-
pendix I as an outprint from the SIGMA program. 
The thermal energy mesh was taken over directly from LASER. It con-
s i s t of 35 groups between 0 and 1.855 eV. Above the upper limit of the 
thermal mesh upscattering is assumed to be negligible. As seen from 
table 5 the group limits are round numbers in speed units of 2200 m/s which 
of course implies that the corresponding group energy boundaries and the 
lethargy widths have rather awkward values. A number of very narrow 
240 239 
groups are placed around the Pu resonance at 1.0 eV, and the Pu 
resonance at 0.3 eV is treated similarly, but it is given fewer groups as it 240 is low and broad compared with the sharp resonance of Pu . By means of 
these narrow groups the s elf-shielding of the two resonances is supposed 
to be accounted for, at least approximately, during Pu build-up, so that 
one set of microscopic group cross sections may be used for all geometries 
throughout depletion. 
Apart from the two concentrations around the resonances, the thermal 
energy mesh is nearly equidistant in lethargy from about 0.05 eV and up-
wards where the thermal flux peak of an undermoderated light-water reactor 
is situated; downwards the groups get broader. 
The fast and epithermal energy mesh of LASER is the well-known MUFT 
mesh starting from 10 MeV and stepping down in 0.25 lethargy unit steps un-
til 67 keV. From here until 0.167 keV the lethargy widths are 0.5, and the 
rest of the way down to the thermal mesh it is again 0.25. 
The fast part of the MUFT group structure is kept unaltered apart from 
one extra group which is added from 10 to 15 MeV. The reason for this is 
that the UKNDL contains data for energies up to 15 MeV. 
In the resonance energy region it is of no use to try to make the groups 
narrow enough to represent the strongly energy-varying cross sections ade-
quately. This would require thousands of groups. Instead one has to calcu-
late the resonance broad group cross sections separately for each caBe, and 
they will be dependent both on geometry and on temperature. It is, however, 
possible to facilitate the resonance calculation by proper selection of the 
group boundaries. 
First of all care should be taken to ensure that no important resonance 
is cut in two by a group boundary. But if the resonances in a group are 
either many uniformly distributed or one single resonance situated near the 
lethargy midpoint, it is in addition true to a good approximation that the 
group absorption cross section is independent of the source depletion through 
. 16 -
Table 5 
i 
1 
2 
3 
li 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1* 
15 
16 
IT 
18 
19 
20 
21 
22 
83 
21* 
25 
26 
2T 
28 
29 
30 
31 
32 
33 
34 
35 
a 
1 valt 
Speed" 
v i 
.2 
.4 
.6 
.8 
1.0 
1.2 
1.4 
1.65 
1-95 
2.25 
2-55 
2.85 
3.075 
3.21 
3.33 
3.«2 
3-505 
3.66 
3.91 
4.26 
4.715 
5.265 
5.845 
6.23 
6.3T5 
6.435 
6.465 
6.495 
6.55 
6.69 
6.99 
T.39 
T.765 
8.10 
8.41135 
a 2200 • / • 
LASER the rma l 
Mesh width3 
AV. 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
• 3 
• 3 
.3 
• 3 
•3 
•15 
.12 
.12 
.06 
.11 
.2 
•3 
.4 
•51 
•59 
-5T 
.2 
.09 
•03 
•03 
.03 
.08 
.2 
.4 
.4 
•35 
.32 
.3027 
energy mesh 
Energy 
E.(ev) 
.001012 
.004048 
.OO9IO8 
.016192 
.0253 
.036432 
.049588 
.068879 
.096203 
.12808 
.16451 
.20550 
•23923 
.36069 
•28055 
.29592 
.31081 
•33891 
.38679 
.45913 
.56245 
.70132 
.86435 
.98197 
1.02821 
1.04765 
1.05744 
1.06728 
1.08543 
1.13233 
I.236I6 
I.38169 
1.58547 
1.65993 
1.79000 
»W> 
.002277 
.006325 
•012397 
.020U93 
.030613 
.0*2757 
.056925 
.081972 
.11157 
•14573 
.18444 
.22770 
.25104 
•27053 
•29075 
•30113 
.32064 
.35768 
.41704 
•50326 
.62493 
.78211 
.95070 
I.01374 
1.04277 
I.05254 
I.06236 
1.07222 
1.09873 
1.16645 
I.30791 
1.457fc8 
I.59500 
I.72616 
I.85500 
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the group as shown by Askew in ref. 11. This will make it possible to cal-
culate the resonance group cross sections on the basis of one single tabula-
tion for each material. 
In the LASER energy structure some of the group boundaries lie very 
close to important resonances. For that reason a number of group boundaries 
have been removed in the energy region from 1.855 eV up to 200 eV so that 
18 groups are collapsed into only 8 groups. The main single resonances be-
came situated near the middle of the lethargy interval of these broad groups. 
In fig. 5 a, b, and c the resulting 76-group structure is shown. The 
original LASER structure is shown too for comparison. A light-water re-
actor spectrum was drawn to illustrate how the groups are concentrated 
round the fission spectrum at high energies and at the thermal part of the 
spectrum where also the two concentrations of very narrow groups are situ-
238 ated. In addition the energies of the low-lying U resonances are marked. 
Although this group structure was designed mainly with reference to 
light-water reactors, it is hoped that it will be adequate for other reactor 
types as well. The 69-group structure used in WIMS (ref. 12) and in FLEF 
(ref. 13) is constructed according to similar principles and has been in use 
for both heavy-water- and graphite-moderated reactors. A group set com-
monly used for calculations on fast systems, the Bondarenko set (ref. 14), 
is included in fig. 5 showing that the fast part of the Risø 76-group system 
will presumably be suitable for fast reactor calculations. 
Th» RIM 
•tnStun? 
Hu/ur* ItthoRjy 
ofbibuiy unite 
l»l»l»|a|»H.H»H»l»H«H-l'N'l*l'l'ltl'l 
IMI»I * I • M"M"I»M"M"I"M,I,M,I,I»I,I,I,I 
&SW 
Fig. 5a. Energy groups Fast part. 
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6. WEIGHTING FUNCTION 
Before the weighting function to be used for the SIGMA MASTER TAPE 
was chosen, a number of test runs were made where different weighting 
functions were used to generate cross sections for a number of materials 
in the 76-group structure decided upon. In resonance regions the group 
cross sections of course proved to be very spectrum-dependent, out where 
no resonances were present the most diverging weighting spectra gave a 
difference in the group cross section of only a few per cent. The conclusion 
drawn from this is that the groups of the 76-group structure are sufficiently 
narrow for a cross section tape intended for use on reactors with differing 
spectra. 
As the weighting function seemed to be rather uncritical as long as it 
was not strongly inclined to the wrong side, a very simple combination of 
the standard weight functions available in SIGMA was chosen for the SIGMA 
MASTER TAPE. At low energies a Maxwell spectrum was used: 
F(E) = — L _ E . e x p ( - J L ) 
(kT)2 \ rry 
with 
kT « 0.05 eV 
For all other energies the weighting function is simply 
F(E) = I 
The change from Maxwell to « weighting was put between groups Nos. 
63 and 64, i, e. at the energy 0.25 eV. 
In resonance regions this weighting yields group cross sections for in-
finite dilution at the UKNDL temperature which is 300 degrees absolute. 
- 20 -
7. UTILIZATION OF THE MASTER TAPE DATA 
IN THE PROGRAM SYSTEM AT RISØ 
The SIGMA MASTER TAPE is one link in an attempt to build up a data 
generating system which produces constants for reactor physics calcula-
tions on the basis of fundamental nuclear data exclusively. Before the group 
cross sections are used in neutronics programs, they have to be supplied 
with thermal scattering data if the system in question is a thermal one, and 
with shielded resonance cross sections whenever the resonance absorbers 
may not be considered as infinitely dilute. This combination is performed 
in a program called CRS. After the cross sections for a given reactor con-
figuration have been prepared, the code can make a spectrum calculation, 
collapse the cross sections into fewer groups, and punch the collapsed cross 
sections out in formats corresponding to the input requirements for a num-
ber of codes. 
The thermal transfer cross sections are at present produced by a rou-
tine, NELKINSCM, which is incorporated in CRS. NELKINSCM (ref. 15) 
calculates thermal scattering matrices for H bound in HzO and O in D„0 on 
the basis of the NELKIN model for H and the similar model for D. All other 
materials are treated as perfectly gaseous. In the near future this direct 
calculation of thermal scattering matrices is to be replaced by a thermal 
"master tape", where the transfer matrices will be filed for relevant ma-
terials at a number of temperatures close enough to allow linear interpola-
tion between group cross sections in temperature. By the introduction of 
these tabulations much computer time will be saved, and at the same time 
the accuracy of the cross sections will be better as it is of course possible 
in the preparation of such tables to use more sophisticated methods than in 
a calculation which has to be made for every single case. 
238 Effective resonance cross sections are introduced for U in 22 groups 
Q9E 2 ^ 9 
and for U and Pu in 14 groups. In both cases the lowest resonance 
group is the one just above the thermal upper limit, which means that the 
resonance region is defined to be 1.855 eV - 111 keV for U2 3 8 and 1.855 eV 
235 239 
- 3.35 keV for U and Pu . The resonance cross sections may be cal-
culated by the RESAB PROGRAM SYSTEM (refs. 16 and 17) or in the CRS 
program itself by the routine RESOREX (ref. 18) which generates resonance 
group cross sections by means of an equivalence principle on the basis of 
tabulations from RESAB. For all other resonant materials the dilute cross i 
sections from the SIGMA MASTER TAPE are normally kept unaltered. In 
cases where shielding effects are considered important, the cross sections 
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may, however, be calculated by RESAB and substituted into the data set by 
hand. 
For burn-up calculations a 10-energy group subsystem of the 76 MASTER 
TAPE groups is normally used in the burn-up codes CEB and CDB (ref. 19) 
in current use at Risø. As the 76-group spectrum changes because of build-
up of Pu and fission products, it is advisable to regenerate the 10-group 
cross sections with revised isotopic composition at intervals during burn-up. 
233 If RESOREX is used, it is furthermore important to generate the Pu 
239 cross sections for a composition where a reasonable amount of Pu is 
present as demonstrated in ref. 18. 
Frequent alternation between spectrum calculation in 76 groups and 
burn-up in 10 groups is possible for a pin cell burn-up calculation by the 
CEB program, but unrealistic in a box code like CDB. Fortunately it seems 
that 10-group cross sections generated by a spectrum calculated a few time 
steps from start may be used all through the burn-up calculation, giving an 
accuracy which is quite sufficient for most purposes. 
8. CONTENTS OF THE CROSS SECTION LIBRARY 
In its present version the SIGMA MASTER TAPE contains 126 materials 
which are almost all those available from the UKNDL, version 1968. For 
some materials only cross sections for a special reaction and in some cases 
for a limited energy range are given - these tables are not considered well 
suited for the standard combination described in chapter 4 and are therefore 
omitted. A single material was omitted because the SIGMA program at 
present cannot handle law number 10 for energy distribution of secondary 
neutrons which is used only in the tabulation for tatalum, DFN 328. 
Each material on the SIGMA MASTER TAPE has an identification num-
ber which is to be used for seeking out the material. These numbers are 
written in order in one of the first records of the tape. 
The cross sections are given in the standard combination which is de-
scribed in chapter 4. In the combination all relevant detailed processes 
tabulated for each material are included. The UKNDL specifies data for 
detailed reactions by means of particular classification numbers, PClI's, 
as described in section 2.2. In Appendix III a listing is given of the reac-
tions of the different materials. 
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8.1. Table of the Contents 
In table 8.1 the SIGMA MASTER TAPE contents are listed. The ma. 
terials are put in order of increasing mass number apart from the 78 fission 
products from UKNDL file 5 which are taken last. For each material the 
identification number is given, and the processes from the standard com-
bination that are found for a particular material are given. 
For most substances only one file on the UKNDL is available. In cases 
of doubt it is noted in the table which OFN has been used. Where an element 
is mentioned without mass number, the cross section set refers to the 
natural isotonic composition. 
The pseudo-fission-product called FP is generated from OFN 106 in the 
UKNDL. Since no information is given about the reactor configuration to 
which it applies, great care should be taken in using it for reactor physics 
calculations. The large absorption cross section indicates that all fission 
products are included, i. e. also Xe and Sm. 
8.2. Sequence of Materials 
To minimize the computer time wasted on the reading of the magnetic 
tape, care was taken to place the materials so that those most often used 
are set first. In table 8.2 the materials are listed in the same sequence as 
on the tape. 
8.3. Missing Materials and Energy Regions 
A number of materials of interest in reactor physics calculations are 
not included in the UKNDL and are consequently not found on the SIGMA 
MASTER TAPE either. Such materials must, when necessary, be taken 
242 from other sources. For example Pu , Ag, and In are missing. 
In some cases the cross sections of the UKNDL are only tabulated for 
a smaller energy range than the standard range from 10 eV to 15 MeV. 
In energy groups where no data exist the cross sections are set equal to 
zero, and the limited energy range is noted in table 8.1. For some of the 
materials, however, the data stop at 10 MeV so that the cross section in the 
first energy group is zero. This has not caused any comment in the table. 
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Table 8.1 
Contents of the SIGMA MASTER TAPE 
Material Number PCN's 
502 + 
matrix 101 
518 + 
matrix 201 
Comments 
H 2 0 
He 
He* 
Li 6 
U 7 
B e 9 
B 
B 1 0 
B U 
C 
N 
O 
F 
Na 
Al 
41 
34 
42 
33 
61 
66 
67 
68 
69 
40 
50 
64 
65 
32 
71 
31 
70 
46 
35 
Si 
CI 
Ca 
Ti 
Cr 
Mn 5 5 
F e 
Ni 
Cu 
Ga 
63 
73 
72 
75 
38 
51 
37 
39 
53 
74 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
x x 
X X 
X 
X X 
X X 
X X 
X X 
Only for energies 
< 0 .5 eV 
Only for energies 
< 9 e V 
Temperature 0 K 
Temperature 0 K 
Temperature 0 K 
DFN 34 has been 
used 
DFN 182 has been 
used 
DFN 35 has been 
used 
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Material 
Zr 
Cd 
X e 1 3 5 
S m ' 4 9 
Number • 
36 
49 
19 
15 
502 + 
matrix 
z 
z 
z 
PCN's 
101 5 , 8 + 
" " matrix 
X 
X 
X 
X 
X 
X 
201 
X 
X 
X 
Comments 
Identical with 
fission product 
No. 767 
Gd 76 
w 
A « ' 9 7 
Fb 
T h 2 3 2 
u 2 3 3 
U 2 3 4 
„235 
B 2 3 6 
O 2 3 8 
P u 2 3 8 
P a 2 3 9 
P a 2 4 0 
P u 2 4 1 
F P 
B r 8 1 
S e 8 2 
Kr 8 3 
K r 8 4 
Kr 8 5 
Kb 8 5 
K r 8 8 
B b 8 7 
S r 8 8 
8 r 8 9 
Y 8 9 
57 
58 
43 
1 
3 
4 
5 
6 
7 
62 
9 
10 
11 
28 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
X X 
X X 
X X 
X X 
X X 
X X 
x x 
X X 
X 
X 
X 
X 
X 
X 
Only far energies 
<3eV 
Only for energies 
)1 keV 
Only for energies 
>1 keV 
Pseudo- fission-
products 
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PCN's 
Material Number " Comments 
^ " » m a ^ c * » 
S r 9 0 712 x 
Y 9 0 713 x 
Y 9 1 714 x 
Zr 9 1 715 x 
Z r 9 2 716 x 
Z r 9 3 717 x 
Z r 9 4 718 x 
Mo 9 5 719 x 
Z r 9 6 720 x 
Mo 9 7 721 x 
M o 9 8 722 x 
T c " 723 X 
M o 1 0 0 724 
R u 1 0 1 725 x 
R u 1 0 2 726 x 
R h 1 0 3 727 x 
R u 1 0 4 728 x 
R h 1 0 5 729 X 
P d 1 0 5 730 x 
P d 1 0 8 731 x 
P d 1 0 7 732 x 
P d 1 0 8 733 x 
A g 1 0 9 734 x 
C d " 3 735 x 
I n 1 ' 5 736 x 
S b 1 2 5 737 x 
I 1 2 7 738 x 
T e 1 2 8 739 x 
I 1 2 9 740 x 
T e 1 3 0 741 x 
I 1 8 1 742 x 
X e 1 3 1 743 x 
X e 1 3 2 744 x 
X e ' 3 3 745 x 
C B 1 3 3 746 x 
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Material Number 
PCN*B Comments 
502 + 
matrix 101 
518 + 
matrix 201 
Xe 134 
Cs 
,135 
134 
Xe 
Cs 
135 
135 
Xe 
Cs 
136 
137 
Ba 
La 
138 
139 
Ce 
Pr 
140 
141 
Ce 
Nd 
142 
143 
Nd 
Nd 
144 
145 
Nd 146 
P r n 1 « 
.,148 Nd' 
Pm 
Pm 
14C 
148m 
Sm 148 
Nd 150 
Sm 
Sm 
Sm 
Sm 
Eu 
Gd 
Gd 
Gd 
150 
151 
152 
153 
154 
154 
155 
155 
156 
157 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
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No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Table 8. 
Materials in order as 
Identification 
number 
5 
7 
41 
42 
31 
32 
34 
33 
40 
46 
36 
37 
38 
39 
35 
50 
49 
9 
10 
11 
6 
1 
3 
4 
19 
28 
15 
53 
58 
57 
43 
51 
61 
62 
Material 
U 2 3 5 
U 2 3 8 
H 
D 
O 
C 
&!<> 
D2° 
B e 9 
Na 
Zr 
Fe 
Cr 
Ni 
Al 
B 
Cd 
P u 2 3 9 
P u 2 4 0 
P u 2 4 1 
„236 
T h 2 3 2 
U 2 3 3 
u2 3 4 
X e ' 3 5 
F P 
S n , 1 4 9 
Cu 
A u 1 8 7 
W 
Pb 
Mn 5 5 
T 
P u 2 3 8 
,2 
filed 
No. 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
on the tape 
Identification 
number 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
Material 
Si 
B 1 0 
B " 
He3 
He4 
U 6 
U 7 
F 
N 
Ca 
CI 
Ga 
Ti 
Gd 
B r 8 1 
S e 8 2 
Kr 8 3 
K r 8 4 
Kr 8 5 
Hb 8 5 
Kr 8 6 
Rb 8 7 
S r 8 8 
S r 8 9 
Y 89 
S r 9 0 
Y 9 0 
Y 91 
Zr 9 1 
Z r 9 2 
Z r 9 3 
Z r 9 4 
Mo 9 5 
Z r 9 6 
No. Identification number 
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No. 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
Mo 9 7 
M o 9 8 
T c " 
M o 1 0 0 
R u 1 0 1 
R„102 
R h 1 0 3 
Ru'°* 
R h ' 0 5 
P d 1 0 5 
P d 1 0 6 
P d ' 0 7 
P d 1 0 8 
Aem 
C d " 3 
I n " 5 
S o 1 2 5 
jl27 
T e 1 2 8 
j.129 
Te,3° 
t131 
X e 1 3 ' 
x*m 
X e ' 3 3 
C s ' 3 3 
X e ' 3 4 
a.134 
j.135 
X e 1 3 5 
C s ' 3 5 
X * ' 3 6 
C . ' 3 7 
B a ' 3 8 
L a 1 3 9 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
756 
757 
758 
759 
760 
761 
762 
763 
7S4 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
C e U 0 
P r ' 4 1 
ce142 
N d ' 4 3 
N d 1 4 4 
N d 1 4 5 
N d 1 4 6 
P n , 1 4 7 
N d 1 4 8 
P m ' 4 8 
Prt'481 
S n , 1 4 9 
N d 1 5 0 
an'5 0 
S m ' 5 1 
S m ' 5 2 
E„'53 
S n , 1 5 4 
E u 1 5 4 
E U 1 5 5 
G d , S 5 
Gd>5 6 
G d 1 5 7 
- 2 9 -
9. MAGNETIC TAPE STRUCTURE 
9 .1 . Format of the Binary Tape 
In deciding upon the format of the binary tape the philosophy was that 
of making the tape easy to read by user programs rather than that of saving 
magnetic tape space. One result of this i s that the full scattering matrices 
were recorded, although in some cases they mostly consist of noughts. 
In the following the contents of the binary tape are listed record by 
record. All arrays running over energy groups start in group 1 which i s 
the group of highest energy. 
(a) 4 Words: 
SET. integer 
GRP, integer 
MAT, integer 
LEG, integer 
set number of the data on the tape, refers to the 
group structure and weighting function used. The 
present version has set number 1 
number of energy groups 
number of materials 
maximal order of Legendre moments for scattering 
matrices which i s 0 for the standard combination 
used on the SIGMA MASTER TAPE 
(b) 8 x GRP + MAT + 1 Words (nine 
E [0:GRP], real array 
DE [1:GRP], real array 
DU [1:GRP] , real array 
NORM [1:GRP], real array 
EMEAN [1:GRP], real array 
EUMEAN [1:GRP], real array 
VRECMEAN [I :GRP], real array 
FISP [1:GRP], real array 
NUMB [1 :MAT],integer array 
physical records, one for each array): 
• energy group boundaries (MeV) 
• group energy widths (MeV) 
• group lethargy widths 
- group normalizing factors 
- weighted group mean energies (MeV) 
- energies corresponding to the 
weighted group mean lethargies (MeV) 
= group mean reciprocal velocit ies(s /cm) 
* fraction of the standard fission 
spectrum falling within each group 
« identification numbers of the 
materials on the tape 
- 3 0 -
The following is repeated for all materials, i. e. HAT times 
(c) 6 Words: 
DFN, integer * data file number from the UKNDt, for the material 
AW, real » atomic weight (ami) 
Z, integer * atomic number 
TXT = alphanumeric name of the material (6 characters) 
NPCA, integer * number of PON's given for this material (NPCA is 
1, 3, or 4 on the SIGMA MASTER TAPE) 
N, integer - identification number of the material. This num-
ber is one of the elements of the NUMB array in 
record b. 
(d) 2 x NPCA Words: 
PCN [l :MPCA], integer array - particular classification numbers 
for the NPCA different cross section 
types of the material 
MIND [l :NPCA], integer array « matrix indicators. An element of 
the MIND array is 1 if the corre-
sponding cross section is followed 
by a scattering matrix, if not, it is -1 . 
The following records, type e and, if the MIND-element is 1, GRP 
times rype f, are repeated NPCA times, i. e. once for each cross section 
type of the material. 
(e) GRP Words: 
SIG [l:GRP], real array = group cross sections 
(0 GRP Words: 
SM [i, 1 :GRP], real array =• transfer cross section to group I from 
all other groups 
Record f is repeated GRP times, I running from 1 to GRP, to give th< 
full scattering matrix. 
After the last material an END-OF-FILE mark is written. 
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9 .2 . Characteristics of the Tape Version for Use on the B6700 
The SIGMA MASTER TAPE in use on the Borroughs B6700 computer 
at Risø i s a 9-track 800 BPI binary Upe . It i s written with the file attribute 
FILETYPE * 0 which means constant physical record length equal to the 
value of the file attribute MAXRECSIZE. The records are unblocked. Two 
versions of the SIGMA MASTER TAPE exist at present: 
A 2400-feet tape labelled AEK134 containing all 126 materials. This 
version i s filed with MAXRECSIZE » 126. 
A 1200-feet tape labelled AEK42 which contains only the first 32 ma-
terials . It has MAXRECSIZE * 77. 
In case the binary tape i s spsiled, for instance by a parity error, i t 
may be regenerated from a card image version by use of a small program 
called MTBIN. This i s described in Appendix II. 
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APPENDIX I 
OUTPR1NT OF THE GROUP STRUCTURE FROM THE SIGMA PROGRAM 
On the following pages the 76-group structure is shown as printed out 
by the SIGMA program. Apart from the energy boundaries the group struc-
ture is characterized by the lethargy widths of the groups and by the pro-
portion of the standard fission spectrum belonging to each group (section 
3.2). The quantities average energy, energy at average lethargy, and 
average inverse velocity are dependent on the weighting function specified, 
in this case the weighting function used for the SIGMA MASTER TAPE as 
described in chapter 6. The group constants called NORM in the table are 
the group fluxes, i. e. the weighting function integrated for each group. 
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APPENDIX II 
CARD IMAGE VERSION OF THE SIGMA MASTER TAPE 
AND THE PROGRAM MTBIN FOR GENERATION OF THE BINARY TAPE 
The SIGMA MASTER TAPE normally used i s a binary tape for the 
Borroughs B6700 computer at Risø. Unfortunately a tape may now and then 
be spoiled by, for instance, a parity error, and it i s therefore important to 
be able to regenerate i t if necessary. The binary SIGMA MASTER TAPE i s 
backed up by a card image version of the information which may also be used 
in transferring the library to another computer. 
The card image version i s filed on 3 magnetic tapes labelled AEK133, 
AEK108, and AEK110 and containing a total of 78, 806 cards. The format of 
the card image version is the same as for the binary tape described in s e c -
tion 9 . 1 , except that a "record" now means the number of cards necessary 
to hold the information from a binary record. On each card the information 
i s printed in the first 72 columns, and the remaining 8 are used for num-
bering of the cards. 
AU cards are printed in the format 6E12.5 except for the card containing 
the first record of the tape which has the format 4F12 .0 , X24, and the first 
card for each new material which contains an alphanumeric variable and has 
therefore been given the format 3E12.5, X3, A6, X3, 2E12.5 . Where a 
card i s not fully utilized, the remaining places are filled up by noughts. In 
front of the tapes one card containing a heading i s placed, and i ts text i s 
on AEK133: SIGMA MASTER TAPE PART 1 
on AEK108: SIGMA MASTER TAPE PART 2 
on AEK110: SIGMA MASTER TAPE PART 3 
The card image tapes must be read with the file attributes 
MAXRECSIZE = 14 
BLOCKSIZE * 280 
which means that the tapes are blocked with 20 cards in each block. The 
tapes are 9 track tapes in EBCDIC, written with the density 800BP1. 
To generate the binary tape from the three EBCDIC tapes a small 
ALGOL-program, MTBIN, was written. The program has no card input. 
- 3 8 -
so the only thing necessary to do before a run is that the binary output tape 
which is called FILMT internally in the program must be connected with the 
physical output tape. This is most easily done by inserting one card after 
the first BEGIN in the program with the text: 
DEFINE FILMT = TAPENO ff ; 
The name TAPENO must be declared as follows: 
FILE TAPENO (KIND = 14. MAXRECSIZE = 1 26, SAVEFACTOR " 999); 
TAPENO will then be the label of the binary tape produced. 
- 39 -
APPENDLX HI 
MATERIALS AND PROCESSES IN THE UKNDL, VERSION 1 968 
In the following the contents of the UKNDL, version 1968, are listed. 
For each of the four files, files 1, 2, 3, and S, the materials and processes 
are printed. A material is identified by its data file number, DFN, and de-
scribed by the name following immediately after the DFN. The reactions 
given for each material are identified by the reaction type number of which 
the first digit is the general classification number, GCN, and the last three 
form the particular classification number, PCN, as explained in section 2. 2. 
For each reaction as well as for each material the number of records 
or cards is given. 
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